Introduction
The study of the valley splitting (Δ) of two-dimensional (2D) electrons confined in n-type Si/SiGe heterostructures has been highlighted by recent research efforts on Si-based quantum computation. In a single-particle picture, the surface electric field breaks the symmetry of the two out-of-plane valleys, resulting in an energy splitting proportional to the electron density. The many-body interaction, on the other hand, also affects Δ and this effect is not fully understood, especially in the presence of strong perpendicular magnetic fields.
Our previous tilted-field experiments [1] were performed near the coincidence angles, where the inter-valley energy gaps exhibit an anomalous rise toward the coincidence angle. Here we focus on tilt angles away from the coincidence, at which the strength of the valley-split states does not change with the parallel field component.
Experiment
Our samples are modulation doped n-Si/SiGe heterostructures grown by molecular-beam epitaxy (MBE). Seven samples were investigated in our study, with the densities (n) ranging from 1.4 to 3.1×10 11 cm -2 and mobility (μ) from 6.3 to 25m 2 /Vs. The experiments in the NHMFL were carried out in the 18/20T superconducting magnet cell and the 35T resistive magnet cell, both equipped with a top-loading dilution refrigerator. The high field and low temperature facilities enabled us to access the valley-split states up to very high tilt angles.
Results and Discussion
We studied the ν=3 energy gap at various tilt angles by measuring the thermal activation of the transport coefficient. For all seven samples, the valley splitting at the ν=3 state after the coincidence (Δ 3A ) is significantly bigger than that before the coincidence (Δ 3B ) [2, 3] . Both Δ 3A and Δ 3B show linear dependence on the electron density, while the slope of these two configurations differs by more than a factor of 2.
The difference between Δ 3A and Δ 3B can be explained as follows. Before the coincidence, the spin-up low-lying electrons can approach the spin-down electrons at the Fermi level (E F ) and strongly screen the Coulomb interaction. The many-body enhancement is thus much reduced. On the other side of the coincidence, such screening is less effective since the low-lying electrons and the electrons at E F belong to different Landau levels with the same spin, resulting in a bigger Δ.
Conclusions
Our results reveal very interesting physics on the valley splitting in Si 2D electrons. Out of the coincidence region, the splitting only depends on the perpendicular field, while it differs significantly for different Landau or spin levels. We propose that screening of the Coulomb interaction from low-lying filled levels could be responsible for this difference.
